We observed the [C II] line in 15 lensed galaxies at redshifts 1<z<3 using HIFI on the Herschel Space Observatory and detected 14/15 galaxies at 3σ or better. High magnifications enable even modestly luminous galaxies to be detected in [C II] with Herschel. The [C II] luminosity in this sample ranges from 8 × 10
INTRODUCTION
The fine structure line of C + (157.74 μm) is a major coolant of the neutral interstellar medium, because it has the right energy gap (D = E k 91 K) for excitation by warm gas. Carbon has a lower ionization potential (11.26 eV) than hydrogen, so that carbon can be in the form of C + in diffuse neutral hydrogen clouds and on the surface of UV-illuminated gas clouds. Carbon is also the fourth most abundant atom. Thus, C + can cool warm neutral gas where the two most abundant atoms, H and He, cannot (see Tielens & Hollenbach 1985; Wolfire et al. 1990; hereafter, TH85 and WTH90) .
The [C II] line is roughly 1300 times as intense as the CO( )  1 0 rotational line in normal galaxies and Galactic molecular clouds and 4100 times as intense as the CO(  1 0) line in starburst nuclei and Galactic star formation regions (Crawford et al. 1985; Stacey et al. 1991) . For normal galaxy nuclei and star formation regions in the spiral arms, most of the observed [C II] arises from photon-dominated regions (PDRs) on molecular cloud surfaces. However, integrated over the disks of normal spiral galaxies, a substantial fraction of [CII] emission may also arise from "standard" atomic clouds, i.e., the cold neutral medium (CNM; Madden et al. 1993) ; from extended, low-density ionized regions (Heiles 1994); or from CO-dark molecular hydrogen extending over large parts of the Galactic disk and in the halos of galaxies (Contursi et al. 2013; Pineda et al. 2013) .
For most galaxies, 0.1%-1% of the far-infrared (FIR) continuum emerges in the [C II] line. Not coincidentally, it is the best studied line in this wavelength regime. It has been observed for normal galaxies (Stacey et al. 1991; Malhotra et al. 1997 Malhotra et al. , 2001 Pierini et al. 1999 ), irregular and dwarf galaxies (Smith & Madden 1997; Bergvall et al. 2000; Hunter et al. 2001; Madden 2001) , ellipticals (Malhotra et al. 2000; Unger et al. 2000) , luminous infrared galaxies (Graciá-Carpio et al. 2011; Díaz-Santos et al. 2013 , and ultraluminous infrared galaxies (ULIRGs) (Luhman et al. 1998; Fischer 2000; Farrah et al. 2013) .
Thus, the [C II] (158 μm) line is a bright line in the submillimeter range useful for the determination of redshifts and kinematics of gas (Carilli & Walter 2013; Rhoads et al. 2014) . Combined with the measurement of the FIR continuum and other cooling lines, it is a good diagnostic of physical conditions in gas near star-forming regions (Kaufman et al. 1999; Malhotra et al. 2001 ).
The energy radiated through [C II] line cooling must be balanced by the heating of the PDRs, CNM, and WNM. This gas is heated primarily by the ejection of energetic photoelectrons from dust grains that absorb UV photons (Watson 1972) . These photoelectrons carry a small fraction of the incident UV photon energy, while the grains re-emit the majority of their absorbed light energy as an FIR continuum. Thus, the ratio of energy in the [C II] line to the total FIR dust continuum emission serves as a measure of the efficiency of the photoelectric heating of neutral gas, which is why we expect this ratio to be fairly constant. This was seen in samples of nearby galaxies (e.g., Stacey et al. 1991) with the Kuiper Airborne Observatory. With the Infrared Space Observatory (ISO) mission, surveys of large samples of galaxies were carried out, and the ratio of [C II]/FIR was seen to vary by a factor of 50 by Malhotra et al. (1997) and Luhman et al. (1998) , decreasing dramatically both for galaxies with high average dust temperatures (as measured by F60/F100) and for
higher than allowed by photoelectric effect heating are seen in gas that is shock heated (e.g., Appleton et al. 2013) .
The [C II] line has been observed for sources with high redshifts, up to z=7 (Venemans et al. 2012 ). Galaxies at high redshift do not all show a deficiency of [C II] at high FIR luminosities (Iono et al. 2007; Maiolino et al. 2009; Stacey et al. 2010; Capak et al 2015) . It is possible-even likely-that physical conditions in the star-forming interstellar medium in high-redshift galaxies are different from those in low-redshift galaxies. We know that the volume-averaged star formation rate (SFR) peaks at z=2. There are observations to indicate that z=2 starburst galaxies have thicker, more turbulent disks (Förster Schreiber et al. 2009 ) and larger starburst regions (e.g., Hailey-Dunsheath et al. 2010; Rujopakarn et al. 2011 ). Lowmetallicity dwarf galaxies at low zshow somewhat elevated [C II]/FIR ratios (e.g., Cormier et al. 2010; Hunter et al. 2001; Israel & Maloney 2011) and dramatically elevated [C II]/CO ratios. If the starbursts at high redshifts are indeed like the local irregular galaxies-e.g., the LMC, SMC, and IC 10-we should see higher [C II]/FIR ratios. With the Herschel Space Observatory, [C II] lines have been detected for high-redshift galaxies (z;2), but the galaxies studied so far at z>1 have been ULIRGs and hyperluminous IR galaxies (HyLIRGs).
We report on [C II] observations of 15 strongly lensed galaxies at redshifts 1<z<3. High magnification factors allow us to study galaxies that have SFRs and FIR luminosities typical of the most common galaxies. The [C II] line observations were done with the Heterodyne Instrument for the Far-Infrared (HIFI; de Graauw et al. 2010 ) on the Herschel Space Observatory (Pilbratt et al. 2010) . Section 2 describes the sample of high-redshift galaxies in the Herschel Extreme Lensing Line Observations (HELLO) project (Section 2.1), the [C II] line observations (Section 2.2), and the data analysis (Section 2.3). In Section 3 we analyze the variation of [C II]/FIR with FIR luminosity and dust temperature, and in Section 4 we discuss the astrophysical implications of our findings. Section 5 presents our conclusions and a summary of the main results.
OBSERVATIONS

The Sample
The HELLO sample is a set of 15 lensed galaxies at redshifts 1.0<z<3.0 selected to be a representative set of starforming galaxies with modest intrinsic luminosities and high magnification factors. They are well-studied objects, thanks to their apparent brightness. All have multiwavelength imaging, often including Hubble Space Telescope observations. All have published redshifts from optical and/or mm-wave spectroscopy. Many also have published SFRs, metallicities, and detailed lens models.
To construct the sample, we combed the literature for wellcharacterized lens systems at redshifts and flux levels suitable for Herschel HIFI [C II] line observations. We prioritized sources where we could also hope to measure the [O I] 63 μm line using PACS spectroscopy-a part of the HELLO survey that we will describe in a separate publication. We gave some preference to sources with well-measured 24 μm fluxes (restframe 8-12 μm), since this provides one of the better predictors of the expected [C II] brightness ) and so reduces uncertainties in observation planning. We rejected sources with indications of energetically dominant active galactic nuclei. Thirteen of the 15 galaxies in this sample were initially found in optical surveys, including 9 from Sloan Digital Sky Survey (SDSS) imaging. The remaining two are submillimeter-identified sources. Six are lensed by massive galaxy clusters, and the remaining nine by galaxy groups or individual galaxies.
A final cut was applied to the sample to select sources where the redshift is known to a precision of 10 −3 , in order to tune the HIFI spectral range properly. The final sample had published intrinsic SFRs varying between ∼1500 and ∼3  M yr −1 and magnifications of 4μ60. We list the sample objects and summarize key characteristics in Table 1 .
[C II] Line Observations
We observed the high-redshift [C II] lines using HIFI on Herschel. To get the maximum bandwidth, we used the Wide Band Spectrometer, which has a bandwidth of 4 GHz and a resolution of 1 Mhz. For our redshift range, the line falls in receiver band 1, 2, or 3. Nearly all our sources are spatially unresolved for HIFI, which has a half-power beam width of 44″ for band 1, 33″ for band 2, and 26 5 for band 3 (Roelfsema et al. 2012 ). There is a very low probability of any other sources contaminating the line signal, as the bandwidth is less than one percent. 13 To maximize baseline stability, the observations were made in the fast-chop, dual-beam switch mode.
Our total HIFI observing times ranged from ∼3100 to ∼14,200 s per source, with an on-source integration time of ∼970 to ∼3300 s. The integration times were chosen based on the instrument sensitivity at the relevant redshifted frequency, combined with a preliminary estimate of the likely [C II] flux. This estimate was in turn based on correlations with midinfrared observations with Spitzer and/or FIR fluxes derived from SFRs. For lensed sources with published mid-IR fluxes (Rigby et al. 2008; Fadely et al. 2010; Rujopakarn et al. 2012 ), we used the scaling derived from the correlation between mid-IR (8 μm) fluxes and [C II] . For sources which did not have mid-IR observations, we used the published values of SFRs and converted them to FIR luminosities (Kennicutt 1998) . The desired [C II] sensitivity limit (4σ) was then set to be 1×10 −3 of the FIR luminosity estimate.
Data Analysis
We started the data reduction with level-2 products from HIFI. The spectrum for each polarization was stitched and then smoothed to 40 km s −1 . Second-order baselines were subtracted after excluding the expected frequency range of the [C II] line. After that we coadded spectra from both H and V polarizations to obtain the final spectrum. All of this processing was done in the HerschelInteractive Pipeline Environment (HIPE v9.2). The one-dimensional spectra were then written out as ASCII files and manipulated outside HIPE. The resulting spectra are shown in figure 1. The [C II] line fluxes were derived by directly integrating the flux seen in a fiducial line centered on the expected frequency. Given that [C II] line shapes are complex and non-Gaussian, arising from the rotation . We see a variety of line profiles ranging from double-horned profiles indicating rotation in 0901 (Rhoads et al. 2014 ) to large line widths, possibly indicating outflows in CB58. The velocity extent of the line is indicated by the shaded region. The velocities are relative to published redshifts, mostly from optical spectroscopy, given in Table 1 . Fluxes were measured in mK and converted to Jy, following the HIFI calibrations provided by Roelfsema et al. (2012) .
and outflow/inflow motions of the ISM (e.g., Contursi et al. 2013; Rhoads et al. 2014 ), this method is independent of the kinematical models of [C II] motions. The biggest uncertainty comes from a lack of prior knowledge of the line width in many cases. We examined the smoothed spectra and set the limits of integration at the frequencies where the flux goes to zero on either side of the central frequency. Measurement errors in the line flux were estimated by integrating line fluxes centered at random frequencies in the spectrum (after excluding channels with signals), using the same line width as for actual measurements. The advantage of this approach is that we do not have to assume that the binned data are independent or that the noise goes down as 1/sqrt(n), where n is the number of bins. The [C II] line fluxes and the measurement errors on these fluxes are listed in Table 1 .
The FIR continuum was measured with PACS (Poglitsch et al. 2010 ) and SPIRE (Griffin et al. 2010) imaging. We obtained PACS imaging under the HELLO program for three sources (SDSS J085137+333114, SDSS J091538+382658, and SDSS J120924+264052) plus SPIRE imaging for the last two. For other sources, we used archival PACS and SPIRE imaging data from other Herschel programs. The data were reduced using standard procedures with HIPE.
For PACS photometry we used HIPE version 10.0 to reduce the data from the raw products (level 0) to a fully calibrated map (level 2). We used standard pipeline routines as described in the online PACS data reduction guides. We used the official Python scripts for the PACS "Bright Point Source Scan Map" and "Multiple ObsID Scan Map Bright Point Source," and we employed the recommended method of using "HighPassFilter" to remove large-scale artifacts. The bright sources at the center of the map were masked out prior to filtering, and the size of the mask was chosen to be less than or equal to the high-pass filter's size so that none of the source flux was removed but as much of the 1/f noise as possible was removed without damaging the point-spread function. The individual AORs for each PACS source were combined into a final mosaic. Typically there were two image sets that went into each of the PACS 70 and 100 μm mosaic images, and four images that were combined for the final PACS 160 μm mosaic. Aperture photometry was performed on the final mosaics to measure the flux of the lensed sources, and standard aperture corrections were applied. The aperture photometry was done with both Source Extractor (Bertin & Arnouts 1996) and the IDL "aper" package. In cases where a source was undetected and could not be extracted using SExtractor, "aper" was used to estimate an upper limit at the source location. Errors were estimated by placing random apertures on sky locations in the images. SPIRE fluxes were derived from Level 2 maps processed with HIPE (version 10.0.2747), with standard corrections for instrumental effects and glitches. Striping induced by offsets in the flux calibration from one detector to another was removed using the Scan Map Destriper module included in HIPE. The fluxes were derived from the map using simple point source photometry. Errors were derived by placing random such apertures on the map, which gives error estimates, including those due to confusion noise, a dominant component in most cases (Nguyen et al. 2010 ).
We used the PACS 100 and 160 μm fluxes and SPIRE 250, 350, and 500 μm fluxes to derive the FIR continuum spectral energy distribution of each source. The foreground lensing galaxies do not contribute significantly to the FIR continuum, f There is a ∼7″ discrepancy between the coordinates reported in the discovery paper (Koester et al. 2010 ) and in later followup (Bayliss et al. 2011 ). We tabulate this object with its original name and with the best coordinates we could find, and note that both positions are well within the same HIFI beam. because they are early-type galaxies and are at lower redshifts. So we expect very little dust in these galaxies, which should peak between 60 and 100 × (1 + z lens )μm, where z lens ∼0.2-0.5; whereas the lensed sources should peak at ( ) »´+ z 100 1 microns. We un-redshifted the SEDs back to the source restframe and spline-fit a smooth curve through the observations while resampling the fluxes to 5 μm intervals. Then we estimated the fluxes that would be seen in IRAS-like filters at restframe 60 and 100 μm. This procedure has the advantage of estimating/interpolating the restframe 60 and 100 μm fluxes for direct and fair comparison with z=0 samples in a model-independent way. The FIR flux was calculated as Helou et al. 1988) , where F ν (60 μm) and F ν (100 μm) are the flux densities in jansky at 60 and 100 μm. This gives a flux between 40 and 120 μm. We checked the derived fluxes for three sources previously published by Magnelli et al. (2012) and Finkelstein et al. (2011) . These authors define L(FIR) to be the dust continuum between 8 and 1000 μm. Their luminosities and ours between rest wavelengths of 40-120 μm should differ by a factor of 1.9 according to the models of Dale et al. (2001) , whereas we found a ratio between 1.7 and 2.1 between our luminosities and those of Magnelli et al. (2012) . This is reasonable considering the random measurement errors and the dependence on models for converting flux to luminosity.
RESULTS
In the HELLO project we observed 15 galaxies that are more typical of the star-forming galaxies at z∼2. Strong lensing gives us the much needed boost to make the [C II] line and FIR continuum detectable with Herschel. Of the 15 sources, 14 were detected at S/N of 3 or better; CL2244 was a marginal detection at 2.8σ. The main uncertainty in the [C II] flux and detections is due to an unknown velocity width of the line.
One source, CL2244, was not detected in either the continuum or the [C II] line. Of the remaining 14 sources, we consider SDSS134332+415503.4 to be a marginal detection primarily because the line seems very narrow (107 km s ) and we do not have an independent verification of the line width for this source. The other 13 sources are well detected with HIFI. Two of these-SDSS J091538+382658 and SDSS J120924 +264052-are not detected with PACS/SPIRE imaging, leading to lower limits on [C II]/FIR. For the Cosmic Horseshoe and SDSS J122651.3+215220, PACS/SPIRE fluxes lead to uncertain values of FIR colors F60/F100. In Table 1 , we also calculate the SFR from the FIR luminosity using the relation given by Kennicutt (1998) 1 . Both the FIR luminosities and the SFRs are corrected for magnification by the magnification factor μ in Table 1 .
Thus, we have a sample of 11(9) galaxies for which we can quantify the dependence of [C II]/FIR on FIR luminosity (FIR colors). We augmented this with a sample of 11 galaxies with redshifts z=1.3-6.42 and with [C II] fluxes from the literature ( Table 2 ). This is a subset of a larger sample of high-redshift galaxies with [C II] line detections for which there were continuum detections at multiple wavelengths so we could derive the FIR colors F60/F100. We used a sample of 71 normal and ultraluminous galaxies near redshift zero to serve as a reference. The nearby reference sample was taken from the ISO key project on normal galaxies (PI: Helou) spanning a range of FIR luminosities and F60/F100 colors (Malhotra et al. 1997 ). In these three galaxies-SDSS1226, SDSS 1209, and SDSS 0915-the continuum is not detected in PACS and SPIRE images. Only the [C II] line is detected.
In Figure 2 we plot [C II]/FIR against FIR luminosity. While the low-redshift sample (black squares) shows a decline of [C II]/FIR with FIR, the high-redshift samples, from HELLO and other high-redshift studies, show a large scatter in [C II]/FIR. This is similar to the observations of Stacey et al. (2010) . The correlation coefficient between [C II]/FIR and FIR luminosity is 54% for the low-redshift points in Figure 2 . For the high-redshift sources the correlation coefficient is 59%. Stacey et al. (2010) postulate a lack of correlation between [C II]/FIR and FIR for their sample at z=1-2. From that sample, we included MIPSJ1428 (Hailey-Dunsheath et al. 2010) since that has Spitzer and SHARC measurements of the continuum to determine the F60/F100 ratio (Borys et al. 2006) . We also measured the scatter of points around the bestfit linear relation between [C II]/FIR and FIR. The rms scatter of [C II]/FIR was found to be 0.35 and 0.31 dex for the highredshift and low-redshift samples respectively. Moreover, the best fit for the high-z sample is quite distinct from the low-z linear relation (Figure 2) .
In Figure 3 we see that there is a cleaner and stronger correlation between [C II]/FIR and F60/F100. The [C II]/FIR (2010) ratio decreases as the FIR color ratio F60/F100 increases due to hotter dust (Figure 3 ). In our sample we see a full range of F60/F100 = 0.42-1.25. For a modified blackbody dust continuum, these ratios would correspond to dust temperatures between 28 and 46 K for graybody slopes β=1.5-2. Real galaxies, of course, have dust at a range of temperatures, and the F60/F100 ratio can be interpreted as a measure of the average dust temperature or as the distribution of masses of warm versus cold dust. The correlation coefficient between [C II]/FIR and F60/F100 is 70%, higher than the correlation strength seen in Figure 2 In a previous study of nearby galaxies (Malhotra et al. 1997 ) pointing out variations of [C II]/FIR, we emphasized the dependence of [C II]/FIR on dust temperature but also saw an anticorrelation between [C II]/FIR and FIR luminosity. The reason for this is that galaxies with higher dust temperatures tend to have higher FIR luminosity (Figure 4) . Thus, it was difficult to determine at low redshifts whether [C II]/FIR depends on dust temperature and there is a secondary correlation with FIR luminosity or vice versa. The FIR luminosity and dust temperatures for known high-redshift sources are largely uncorrelated (Figure 4) . This makes it possible to determine that the primary correlation is between [C II]/FIR and F60/F100, not luminosity. We postulate that the
ratio correlates best with dust temperature and not with luminosity, based on the above results: (1) better correlations, (2) lower scatter, and (3) similar behavior at both low and high redshifts. Also, we will see in the next section that there is a good physical explanation for this.
The z ∼ 2 sample from the HELLO survey shows many galaxies with a high [CII]/FIR ratio. This is consistent with results presented by Brisbin et al. (2015) , Stacey et al. (2010), and Capak et al (2015) . This could be due to extra heating of the ISM due to turbulence in these galaxies. E.g., Appleton et al. (2013) see it in some low-z galaxies, and high-z galaxies are seen to have highly turbulent media. cB58, 1226, and 1209 all have large velocity widths, perhaps indicative of outflows. Figure 5 shows [CII] /mid-IR flux ratios for eight galaxies in the HELLO sample for which we have Spitzer fluxes at 24 microns (Rigby et al. 2008 , Rujopakarn et al. 2012 . These values are compared to local galaxies . We see that 7/8 HELLO galaxies lie in the range occupied by the local sample, with no dust temperature dependent variation in [CII]/MIR. One galaxy, cB58, shows a higher [CII]/PAH ratio that may be from turbulent heating (e.g. Appleton et al. 2013 ).
DISCUSSION
The observations presented in this paper confirm that the [C II] (158 μm) line is strong at high redshifts, 1<z<3; in many cases stronger than the average trends for local galaxies. It is also reassuring to learn that similar trends are seen at z=0 and z≈2, implying similar microphysics. What can we learn from the [C II] observations of galaxies, near and far? ; and green circles denote the HELLO sample of galaxies. The anticorrelation of [C II]/FIR with F60/F100 is tighter than that with FIR luminosity and seems to hold for both low-and high-redshift galaxies. Sources without FIR continuum detections are not plotted in this figure, since the F60/F100 ratio is unmeasurable for those three sources.
The [C II] line has been used as a tracer of the SFR by several studies (e.g., Boselli et al. 2002; de Looze et al. 2011 ). This is not unreasonable since a large part of the line comes from UV-irradiated dense gas near star-forming regions (PDRs; Crawford et al. 1985) . Empirically, it has been shown to correlate with other tracers of star formation as long as star formation is modest. Using What [C II] does directly measure is the cooling of neutral gas, as it is the main cooling channel for neutral gas. Thus, it measures the heating of neutral gas. The dominant mode of heating the neutral ISM is the photoelectric effect. Incident FUV photons with energies high enough to eject electrons from dust grains (hν>6 eV) heat the gas via these photoelectrons, with a typical efficiency of 0.1%-1%, where efficiency is defined as the energy input to the gas divided by the total energy of the FUV photons absorbed by the dust grains. This efficiency is determined by the microphysics of the grains, particularly the work function, the photoelectric yield, and the charge of the grains (which is determined by the ratio of FUV fluxes to gas density, G 0 /n). The [C II]/FIR ratio is interesting because it gives the efficiency of the photoelectric effect, since the numerator measures the energy that has gone into heating the gas and the denominator the energy absorbed by dust grains. There are several possible theories that have been put forward to explain the observed variations in the [C II]/FIR ratio.
(A) In places where intense UV radiation leads to high values of G 0 /n (where G 0 is the UV radiation flux and n is the density of gas), we should see hotter dust grains. We should also see a larger net positive charge on dust grains, since the balance between photoelectric (PE) ionization and recombinations results in higher positive charge for high values of G0/n. The efficiency of photoelectric heating then decreases because of the higher electric potential of the grains (TH85). If the gas is heated less efficiently, we should see a proportionately lower cooling rate. Thus, we should see an anticorrelation between [C II]/FIR and dust temperature or FIR color (F60/F100). This trend was seen in nearby normal galaxies by M97 and M01. In Figure 3 , we see that the [C II]/FIR ratio of high-redshift galaxies follows the same trends with F60/F100 as that of lowredshift galaxies, independently of their luminosities.
(B) The [C II] line may be optically thick or self-absorbed due to colder foreground gas. Such self-absorption is seen toward the galactic center and in the Galactic star formation region M17 (Boreiko & Betz 1997; Graf et al. 2012) . This hypothesis seems to be supported by the correlation between a spatially compact mid-IR dust distribution and a suppressed [C II]/FIR ratio, seen for luminous infrared galaxies by Díaz-Santos et al. (2013) . While compactness does make selfabsorption more likely, it does not prove high optical depths in the [C II] line. In fact, a compact configuration of star-forming regions and the ISM also naturally leads to higher UV fluxes and higher dust temperatures and hence to the suppression of 3 . Both these effects were discussed by Malhotra et al. (1997) , Kaufman et al. (1999) , Stacey et al. (2010) , and others. In these two scenarios, [C II] deficiency is due not to a lower heating efficiency of the gas, but to the cooling of neutral gas via channels other than the [C II] fine structure line. In that case we should see some other lines, such as [O I] (63 μm), play a dominant role in the cooling of neutral gas. The observed anticorrelation between [C II]/FIR and dust temperature neither rules out nor supports these scenarios. Other lines, such as CO and [O I], would be needed to find out if [C II] deficiency indeed happens in high-density or low-ionization scenarios in galaxies (e.g., Kaufman et al. 1999; Malhotra et al. 2001 . Stacey et al. (2010) pointed out that high-redshift galaxies do not follow the anticorrelation between [C II]/FIR and FIR luminosity seen for low-z samples. This is good news indeed, because it means that we can detect [C II] for high-z galaxies more easily. But even for nearby galaxies, the correlation between FIR luminosity and [C II]/FIR is weaker than the correlation between [C II]/FIR and F60/F100. The correlation coefficient for the former is R=−0.6 versus R=−0.7 for the latter. In fact, when we plot [C II]/FIR versus F60/F100, the high-redshift galaxies fall in the same sequence as the lowredshift galaxies, in that the cooler galaxies have higher [C II]/ FIR in spite of having high luminosity. Luhman et al. (2003) . Red triangles represent the z>1 samples of HyLIRGs and ULIRGs compiled from literature. Green circles denote the HELLO sample of galaxies. At low redshifts, the FIR luminosity and dust temperatures correlate; that is, ULIRGs have warm dust. At high redshifts, the correlation between dust temperature and luminosity vanishes. Some of this could be because colder galaxies are more likely to be selected as submillimeter galaxies (SMGs; see the red points). However, the HELLO sample is largely selected from optical data and should be relatively unbiased in that regard.
It had been difficult to separate the dependence of [C II]/FIR on FIR luminosity and dust temperature in the low-redshift sample, since luminous infrared galaxies at low redshifts also show a high F60/F100 ratio (see Figure 4) . At high redshifts though, we are able to probe only galaxies with relatively high luminosities, ( ) > L log 10.5 FIR , even with the magnification boost due to lensing. But the main difference is that for the highredshift sample the luminosity and temperature are not correlated. In other words, at low redshift, (almost) all highly luminous galaxies have warm dust, but at high redshifts, luminous galaxies show a range of colors in the FIR, including those that indicate cool dust. This has been pointed out with ISO, SCUBA, Spitzer, and Herschel data in several papers (Efstathiou & Rowan-Robinson 2003; Symeonidis et al. 2009; Elbaz et al. 2010; Hwang et al. 2010; Rujopakarn et al. 2011; Díaz-Santos et al. 2013) . Hailey-Dunsheath et al. (2010) did PDR modeling of MIPSJ1428 to infer a lower UV illumination of PDRs and deduced that the star formation was extended in size.
Before we conclude this discussion, it would be valuable to reconsider whether we should really expect [C II]/FIR to be constant. Very small grains and polycyclic aromatic hydrocarbons (PAHs) have a much higher efficiency of photoelectric heating than large grains (Watson 1972; Bakes & Tielens 1994; Weingartner & Draine 2001) because the photoelectron is likely to lose less energy as it works its way from the ejection site within the grain to the outside. About half of photoelectric heating comes from small grains/PAHs. Moreover, small grains maintain a high efficiency in the regime of high UV radiation intensity, because their recombination rate with electrons is higher. The rest of the incident photon energy absorbed by these small grains is radiated in the mid-infrared since the PAHs and VSGs get stochastically heated to high temperatures. In this scenario, we should expect the ratio between the [C II] line and thermal emission from small grains in the mid-IR to show a constant ratio. The PAHs/VSGs are cooled by emitting in the mid-IR. The proportionality between MIR and [C II] fluxes was demonstrated by Helou et al. (2001) for nearby galaxies. In Figure 5 we show that high-redshift galaxies also follow the same proportionality, indicating that the photoelectric heating of the neutral gas is dominated by PAHs. Unfortunately, we have MIR fluxes for only a few highz sources.
SUMMARY AND CONCLUSIONS
To summarize, our main conclusions in this study are as follows:
(A) We detect the [C II] (158 μm) fine structure line in 14 out of 15 lensed galaxies that we observed at 1<z<3. We find three sources with 
